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[57] ABSTRACT 

What is disclosed is an apparatus for reducing row reset 
noise in photodiode based complementary metal oxide 
(CMOS) sensors. The apparatus uses at least one reference 
pixel for each row of pixels in a sensor array. Also, a reset 
noise elimination unit is provided to adjust the values 
received from the pixels in a particular row by an adjustment 
value determined from the reset values received from the 
reference pixels. Additionally, a method of using the appa- 
ratus is disclosed. The method has a step of providing a first 
reset signal to a row of pixels including the reference pixels. 
The method also reads out a first set of values from this row 
after integration. The method continues with providing a 
second reset signal to the row and a second set of values is 
read from the row. An adjustment value is calculated from 
the difference of the values which are read out from the 
reference pixels. 

14 Claims, 6 Drawing Sheets 
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METHOD AND APPARATUS TO REDUCE 
ROW RESET NOISE IN PHOTODIODE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
This invention is related to providing higher quality 

digital image capture. Specifically, the invention provides a 
method and apparatus for reducing row reset noise in image 
sensors. 

2. Description of Related Art 10 
Image sensor circuits are used in a variety of different 

types of digital image capture systems, including products 
such as scanners, copiers, and digital cameras. The image 
sensor is typically composed of an array of light-sensitive 
pixels that are electrically responsive to incident light 15 
reflected from an object or scene whose image is to be 
captured. 

The performance of an image capture system depends in 
large part on the sensitivity of each individual pixel in the ^ 
sensor array and its immunity from noise. Pixel sensitivity 
is defined here as being related to the ratio of a change in the 
pixel output voltage to the photogenerated charge in the 
pixel. Noise here is defined as small fluctuations in a signal 
that can be caused by a variety of known sources. An image 
sensor with increased noise immunity yields sharper, more 
accurate images in the presence of environmental and other 
noise. 

Improving the sensitivity of each pixel permits a reduc- 
tion in exposure time which in turn allows the capture of 3Q 
images at a greater rate. This allows the image capture 
system to capture motion in the scene. In addition to 
allowing greater frame rate, higher pixel sensitivity also 
helps detect weaker incident light to capture acceptable 
quality images under low light conditions. 35 

One way to increase pixel sensitivity is to increase the 
efficiency of the photodiode by changing the photodiode 
responsitivity characteristics. Doing so, however, can 
require deviating from a standard metal oxide semiconduc- 
tor (MOS) integrated circuit fabrication process, thereby 
increasing the cost of manufacturing the image sensor 
circuit. 

As stated above, integrated circuit imaging devices 
include an array of light detecting elements interconnected 
to generate analog signals representative of an image illu- 45 
minating the device. Within such an integrated circuit, each 
complementary metal oxide semiconductor (CMOS) image 
sensing element contained in the integrated circuit contains 
a photodiode or phototransistor as a light detecting element. 
In one example, charge is collected in accordance with the 50 
intensity of light illuminating the photodiode or phototrans- 
istor. By storing charge, an analog signal is thus generated 
having a magnitude approximately proportional to the inten- 
sity of light illuminating the light detecting element. 

During operation, each pixel has a photo-sensitive diode 55 
that is first reset by placing a charge across the photodiode. 
Then, the photodiode is exposed to incident light, which 
causes the charge stored on the photodiode to be dissipated 
in proportion to the intensity of the incident light. After a 
predetermined time period during which the photodiode is eo 
exposed to the incident light and charge is allowed to 
dissipate from the photo diode (i.e., the "integration" time), 
the charge at the node of the photodiode is read out. This 
valve is sampled on to a capacitor by opening a switch (i.e., 
a "SAMPLE" transistor). 6 5 

When the time arrives to read-out the charge on the 
capacitor, an ADDRESS is provided to select the charge on 
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the capacitor for read-out. After the charge on the capacitor 
has been read -out, the photodiode is reset by asserting a 
RESET signal to a reset transistor and the reset potential that 
is distributed across the photodiode is read-out. The amount 
of incident light that is detected by the photodiode is 
computed by subtracting the integrated voltage from the 
reset voltage level. This capture technique described above 
is known as "un-correlated double sampling/' and serves to 
eliminate some fixed noise sources from each photodiode 
capture. 

When determining the amount of light detected by the 
photodiode, noise that is generated by the switching of the 
reset transistor is captured during the reset of the photo- 
diode. In addition, due to fluctuations in the power supply 
voltage, the reset level varies between resets. Thus, the 
"noise" present in the power supply also affects the reset 
level. As entire rows of photodiodes are reset at the same 
time, the noise generated affects all the photodiodes in a row. 
This results in each row having a different variation in noise 
that appears as row noise in an image. It is desirable to be 
able to eliminate the noise which is generated by the reset of 
the photodiode. 

It is to be noted that although a specific architecture has 
been provided to describe the deficiencies in the prior art, 
architectures which have not been described can contain the 
same deficiencies. Thus, the problems described above can 
occur in all circuits that uses a different reset level from the 
level at which the photodiode begins to discharge. 

It is therefore desirable to have a method and apparatus of 
using current pixel designs to achieve improved sensitivity 
and noise performance using electrical circuitry available 
with standard MOS fabrication processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a digital image capture 
system configured in accordance with the present invention. 

FIG. 2 illustrates a pixel circuit used in the present 
invention. 

FIG. 3 is a plot of the voltage of a node in the pixel circuit 
of FIG. 2. 

FIG. 4 illustrates a reference pixel circuit used in the 
present invention. 

FIG. 5 is a diagram containing a sensor array configured 
in accordance with the present invention. 

FIG. 6 is a flow diagram of the operation of a row of 
pixels of FIG. 5 including the reference pixel circuit of FIG. 
4 in accordance with one embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION 

The present invention provides a method and apparatus 
for reducing row reset noise in a photodiode based CMOS 
sensors. For purposes of explanation, specific embodiments 
are set forth to provide a thorough understanding of the 
present invention. However, it will be understood by one 
skilled in the art, from reading this disclosure, that the 
invention may be practiced without these details. Further, 
although the present invention is described through the use 
of CMOS image sensors, most, if not all, aspects of the 
invention apply to image sensors in general. Moreover, 
well-known elements, devices, process steps and the like are 
not set forth in detail in order to avoid obscuring the present 
invention. 

Operation of the various embodiments of the invention 
will be explained using a MOS implementation of the 
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circuits. The following short-cuts arc used in this disclosure (A/D) conversion unit), such as signal and image processing 

to describe various operating regions of the FET. A FET is block 110, which in turn provides digital signals to be further 

said to be "turned off' when (gate -source voltage) <V T processed according to digital signal processing techniques, 

(threshold voltage) for the device and the device is operating Signal and image processing block 110 can be part of the 

in the cut-off region where its channel acts as an open circuit, 5 integrated circuit (IC) containing sensor array 114, or a 

When a FET is "turned on" (V G ^V r ), and V DS (drain- different IC depending on the system implementation. 

^toSre^ST Vn ^ dCViCC * ° PeratiDg ™ ^ WhentheobjectorsceQecomesintoviewofsensorarray 

non-sa ra on region m ^ lne incident light is allowed to shine on PD1. node 

An embodiment of the invention as an miagmg system AfciiolaledfioilI v cc bydea S «rtiiigttoRESErsigwI > «id 

100 is shov™ as a logical block diagram in FIG 1. maging 10 ^ ^ ^ nodes A ^ B be ^ s ^ d ^ ^ Qf 

system 100 .ncludes a number of conventional elements fe determined „ , he photocurrent , io PD1 

such as an optical system having a lens 104 and aperture 108 (cause{ , b ^ ated electron . hole pairs)> by leak . 

that is exposed to the incident light reflected from a scene or . ,7 , nr .^ . ■/ - j l 

,. _ . , & aee current through PD1, by the capacitance of CI and by 

obicct 102. lne optical system properly channels the inci- , , . . A , n , . 

j J l, , j ^ .i. v 4 , any parasitic leakage paths to the nodes A and B (not 

dent light towards a sensor array 114 that generates sensor 15 sno „L\ 

signals in response to an image of object 102 being formed 4 _ '* , . , . 

~.TL>™ 11 a n,. „ ;_i > mn \ e ~j • t u„ After a predetermined interval, known as the exposure or 

on sensor array 114. 1 tie various control signals used in the . r . . . , <■ . i * ■ 

operation of sensor array 114, such as the RESET sigaal, the |««««B»tion time, has elapsed from the moment node A is 

SAMPLE signal, and the ADDRESS signal, are generated ^f 1 to me rese ' > e ™* a ™> node 15 3150 ^f 8 '^ 
by a system controller 160. System controller 160 may M b y Reasserting SAMPLE, thereby capturing a light- 

include a microcontroller or a processor with input/output generated exposed value at node B. The capacitance of CI 

(I/O) interfaces that generates the control signals in response 18 sf ; l6Cted s ° ^ ,h f ex P°^ d v * lu ° 5? r held J at Dode B 

, • . . • . i - „ „ M . , until a related signal is read at the OUTPUT node. 

to instructions stored in a non-volatile programmable & 

memory. Alternatively, a logic circuit that is tailored to To read the OUTPUT node, an ADDRESS signal is 

generate the control signals with proper timing can be used. ^ applied to a transistor M4 which acts as a switch to cause an 

System controller 160 also acts in response to user input via 0Ut P uL si S nal relatcd t0 the exposed value to appear at the 

a local user interface 158 (as when a user pushes a button or OUTPUT node. For purposes of discussion herein, the 

turns a knob of system 100) or a host/PC interface 154 to 0Ut P ut si g nal at the OUTPUT node is proportional to the 

manage the operation of imaging system 100. si S nal at node B minus the threshold voltage drop of the 

To obtain compressed and/or scaled images, a signal and 30 out P ut transistor when the ADDRESS signal is applied to 

image processing block 110 is provided in which hardware transistor M4. Thus, an output value representing the 

and software operates according to image processing meth- ex P osed value a PP ears at thc OUTPUT node when the 

odologies to generate captured image data with a predefined ADDRESS signal is asserted. In another embodiment, the 

resolution in response to receiving the sensor signals. output signa at the OUTPUT node may be set to be a level 

Optional storage devices (not shown) can be used aboard 35 P rc P ortlonall y hl g her than thc sl S nal at nodc B * 
system 100 for storing the captured image data. Such local As discussed above, the voltage at node A (and, as the 

storage devices may include a removable memory card. A SAMPLE signal is applied to transistor M2, node B), begins 

host/Personal Computer (PC) communication interface 164 to decay immediately after the time that the RESET signal 

is normally included for transferring the captured image data * deasserted (i.e., the time that noo^jsj^coupled Irom 

to an image processing and/or viewing system such as a 40 V cc ). decay continues towards a saturation level, which 
computer separate from imaging system 100. Imaging sys- ^represents-the maximum JnJe^sUyof light.thatpixel 200 can 
tem 100 can optionally contain a display means (not shown) <^easiire7Normally, the integration time elapses before satu- 

for displaying the captured image data. For instance, imag- ration of P ixel 200 occurs and the SAMPLE signal is 

ing system 100 may be a portable digital camera having a deasserted from transistor M2 to "capture" the exposed 

liquid crystal display or other suitable low power display for 45 va lue at node B. 

showing the captured image data. After the exposed value has been read-out by asserting the 

FIG; 2~illustratesapixel~200 with'ele^r^c^hlitteTthat^ ADDRESS signal, the RESET signal and the SAMPLE 

may ' be.buil t-using-MQS-fabrication-processes^Pixel ^bo signal are applied to transistor Ml and transistor M2, 

mcludesXphoT^ respectively, so that node B is brought to a reset level. This 

traiKistor(FET7~Mllwtir^ 50 reset value ^ read DV asserting the ADDRESS signal to 

provided-b^jj ^PLE'tra^ cau se the reset level to ap pea^aUhe^UT PUT node. 

tor^l^In operation7pixel 200 is reset by applying a RESET^ The^di fference between the reset value and-the exposed 

signaI^hich causes~the~RESET transistor Ml to provide„a value~repfesenfs the amount of decay from theTxposure of) 

low^impedance path and thus rever sejjias _PDl._Next} a photodiode Dl to the incident light during the ~integrali5rn„ 

SAMPLE~signalis"applied to creatc~a^low"impedance path 55 time. This difference is used to determine the intensity of the__ 
betNvee'rFn^esWand'B, thereby charging CI to a reset level MncidenLlighL-B y^ using-ad ifference-between Jbe , exposed 

^_thaHs typically close to Jthe rail or supply voltage -V^, value^and" theTreset value for each individual photodiode 

minus^the thfeshold^voltage.drop across the RESET transis- instead of a difference between the exposed value _an r d a 

tor -Ml . 2) pre-determined, sensor-wide reset value, fixed effectscaused 

ATdiscussed, a group of pixels such as pixel 200 can be 60 by manufacturing jlifferen 

arranged in rows and columns to fornTsensor array^ 114. A Cp^nsated, J 

column of pixels can have-a~common~output"line sue IT that Uncorrected double sampling (UCDS) works by sam- 

all of the pixels in the column'ariThiultiplexed to the single pling both the exposed and reset values from a pixel and 

output line. In an alternat e embodiment, the pixels in a row outputting a differential signaLbetween the reset value and 

can be multipje^^io.a.smgle^output^lme. In either case, the 65 the exposed value. IJoF5i_array,_this function occurs on a 

analog output lines from each column or row arc fed to an row by row basis as there is one UCDS unit for each column 

analog post-processing circuit (including an analog-digital of the array (not shown in FIG. 2). InTCN^Slmage sensor, 
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the UCDS circuitry samples the ^xp^e^Tvalues for each for each pixel of that row is read out. A "reference pixel" is 

pixel in an entire-row" of ^pixels after integradon. It then added to the sensor array for each row of pixels in order to 

captures the rese^aluesof mTsame set of pixelsln that row store the initial row reset value, to determine the amount of 

of pixels. The exposed value is then referenced against the noise on the power supply voltage,Jabeled in FIG. 2 for 

reset value, forming a differential output. UCDS is effective s ^at _row during each capmre^^ejrujial rowreservalue 

at cancelling noise sources such as V r mismatches in the contained in the" reference pixel may be iised to determine 
array, but noise from such sources as the power supply noise of the power supply voltage for the row by 

may cause the exposed and reset initial conditions to be ^ Sto f cd ^ C ™?J™ 1 ^ ^ e ™M J 

different. RESETvduc) to the second RESET value. This noise value/ 

1Q is ^accounted for in the resulting differential signal for eacn 
pixels (ix., the. difference.between the sampled value and the? 



noise _in-the_operaUon.of.transistor.Ml\ however, the reset * 1, r — — — i\— nr il - * L 

, . / . . . r t. *■ .l nrcr-r • i reset" value for each pixel), thereby removing the row reset 

value does not remain constant. Each time the RESET signal u ... . , f Jrl^. A ^=J y ~ r °:^_^ c t^^r — , 

, . . . , . j « j-« * . noise that is caused by supply voltage variations from the/ 

is asserted to obtain a reset value at node B, a different reset -*r T . u— 12- 4- — -r-.u — ,— J 

*-%\ \ ■ . • I* « r i_ (^linage. In-one approach, the timing of the non-reference 

value will be obtained depending on the fluctuation of the v_ . f . " ^ A . . ° 

. A . \ 6 . . , . „ e pixels m sensor array 114 will remain the same as before, but 

power supply. Also, the noise generated by the switching of " f . ' * 

; • . wi /• w,r> • — — ru — —*\ me timing for the reference pixel for each row will have 

transistor Ml (i.e. KT/C noise) adds to.variation.in.the_reset> „i:„u*i.. ,Tff«™* - , . , t ■ 

i r™ \ - — , -T- ^ . slightly different tuning in order to be read out in time to 

c yalue^srj^lh^ form ^ of ^ values QQ , he 

the.read-out^alues. reference pixe , 

FIG. 3 is a plot of the voltage at node A over time for one FIG. 4 is a circuit diagram of a reference pixel 400 that 

cycle of we operation of pixel 2W Before Ume W„, ™ a fire , e ^ m m , ace of a ^ 

where the RESET signal is provided to transistor Ml the dMt Firs , st dlor 41g fa kd , 0 

voltage is at V*^, which is approximately V cc -V™ transistor 41Q and a SAMPLE transistor 412. SAMPLE 

(i.e., the supply voltage minus the voltage drop across traQsistor m is used M , mecnanism t0 allow thc ^fc, 

transistor Ml). When the SAMPLE signal » provided to of ch flnt stQ itor 41g and a secon(J 

transistor M2 the voltage at node B begins to track the * s( itof 420 A , ransistor 414 aod aD ^dress 

voltage at node A. At tim< > t«*n, the RESET signal is tfansistor 41(j ^ used tQ allow the tead . QUl of , be ya|ue 

deasserted from transistor Ml, and the voltage at node A amtaiMd on XCOIid storage capacilor 420 . 

begins to decay. The voltage at node B also decays as the , .. . - . , .„„ DM1 _, 

c^Kmmr- ■ i- .11 . j . . ■. In operation of reference pixel 400, RESET transistor 410 

SAMPLE signal is still asserted to transistor M2. r r • i aim ■ -j j „„rT • ^ L -i 

° 30 of reference pixel 400 is provided a RESET signal while 

At time the end of the integration time, the SAMPLE transistor 412 is provided a SAMPLE signal, 

voltage at node A and B node has reached a value W s and the Thereafter, the RESET and SAMPLE signals are deasserted 

SAMPLE signal is deasserted from transistor M2. Thus, the from RESET transistor 410 and SAMPLE transistor 412, 

sampled value V s is stored at node B (i.e., on capacitor CI). respectively. Thus, the first reset voltage level (i.e., V„„ n , 

The ADDRESS signal is asserted so that the sampled value 3s which ^ approx i mat el y v cc ), is captured on second storage 

V s is read out. Shortly after the sampled value is read out capacitor 42 0. After, the integration period has been reached, 

and the ADDRESS signal is removed, the RESET signal is an address signal is provided to ADDRESS transistor 

applied to transistor Ml, and node A is brought back to a 416 to fcad out Vres£71 . After the ADDRESS signal is 

second reset voltage deasserted, the SAMPLE signal is asserted to SAMPLE 

Asjlejcribe_d_above, to rdetermine the intensity of th> w transistor 412 at approximately the same time as the RESET 

mddemiight^Rc^is-f^ signal is asserted to RESET transistor 410. Second storage 

has-been-read'out, and the difference between V^S^and capacitor 420 stores the second reset voltage level (i.e., 

V s -(a^digerential valueg), ^determined. If thergjg no noise V^j,) to be read out when the ADDRESS signal is 

in pKel_200,_V J , eJJ j r2 would have the_ i samejydjie_of V ra . applied to ADDRESS transistor 416. 

sCTir-Howevir; due to the abwe^escribed_n^(rt^tbe „ s /AjasTussed-aboveZcinreTrc^lat rdTl^ 

switc^ing^o^f^ar^stoL.or/and-ttie fluctuation- of the techniques-use-a-signal-related-to-V^^-for each pixel as^ 

pow.ersupply_voltage V^, the value ofV^^ is different S he - re set voltag e value to wh ich the integrat^vaWLeTthT 

ar^e^af^sampJeH^value.^Ho^^^ accurate to 

use^/g^CT^ -as-mat-is -the-origmaLrese t-volta gel eveh f rorn' 
whichTthe,photodiode began to integrate charge.as-thejQoise 
In sensors where each row is independently reset, all the pn^the -power supply-js^ot^^capmred^ as it~would"be jf, 
pixels in that row will have the same reset noise. As the ^V^^^^d^As^reference,pixer400 ^t ores 'V^^ 
RESET signal changes each time it is "sampled", each row becau^ a^storage capacitor is used in place of a photodiode 
is affected in a separate way and banding results in the final 5S (£ e ., there is„no integration on .^charge^xontained^afnode 

ima ge. This w ould be knownjs "row reset noise." itera^Jteodiode is not present, the stored^Vj^^-and^the 

^jOne approach to eliminating the reseTnoisefor eachpixep subsequently storcd~V^^^ can bemsed~to _ determine^the 
is to use Vxeseti instead_of jy^^^„toj)erfo^m^o^erential amoun^f noise.that.snould be removed from-thejntegrated 
cdoil^onsjvvjj^jhe^a^^ However, in orderi — values.of each pixd^Qius^tfibug^^ 

to use this approachrV^^^must be stored in an additional-6o* / n^ejy^^ 

storage unit, or a shutter system^ust_be_employed^to Cfeference-pixeF400^nnorbeTus^ 
^prevent inte^atioawhileme^ .values pixelsT-HowewrrSie^^ 

are read out/ ~~~~ — — ~" aU^^prago^pnelr^w^andcanbeused-to^^ the 

V The~present invention provides a method and apparatus nois^aused-b^^ each pixel, 

for reducing the row reset noise desc r ibed above. Inj )ne_65 ^VIGTS is a diagram containing sensor array 114 including 
approach, a reset value is storedjLUhe_siartj^^ a set of rows of pixels (500-504, and 508). Each row of 

periodfo reich row, and is read out before the sampled value pixels contains a reference pixel for that row. For example, 
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The embodiments of the invention described above are, of 
course, subject to other variations in structure a ncLimple- ^ 
mentation. Fofins tance, pixel 200 features transistors whose-^ °>^- 
dimensionslnay be selecte^y^ine.skilled-ui me^ar^inorder 
to achieve proper cu^OTt operatio^^described. above while <^ 
{mini mizin g power c onsum ption?('Also, the value oC the 

storagecapacitbrln^alscrr^^ 

— y 



row 500 contains a set of pixels 502 o to 502„ along with 
reference pixel 400, row 504 contains a set of pixels 506 fl to 
506„ along with a reference pixel 516, and row 588 contains 
a set of pixels 510 a to 510„ along with a reference pixel 518. 
A row control unit 528 is used to control the operation of 
each row of pixels for capturing images in a pipelined 
fashion. Row control unit 528 provides the RESET, 
SAMPLE, and ADDRESS control signals to each of the 
pixels in sensor array 114. 

Each column of pixels in sensor array 114 is coupled to a 
correlated double sampling (CDS) unit in a set of CDS units 
512 (514 a to 514„, and 520). For example, pixel 502 fl is 
coupled to a CDS unit 514 fl . Each CDS unit in set of CDS 

units 512 contains a reset storage capacitor (not shown) and , 

a sample storage capacitor (not shown) for storing a reset 15 eo^vajents. 
value and a sample value, respectively. Each CDS unit in set While the present invention has been particularly 
of CDS units 512 is controlled by a CDS control unit 522 to described with reference to the various figures, it should be 
store and read out reset and sample values received from a understood that the figures are for illustration only and 
respective pixel in sensor array 114. should not be taken as limiting the scope of the invention. 

The outputs of set of CDS units 512 is sent to an 20 Man y changes and modifications may be made to the 



/art so as to provide^the desired" trade^ff^Between.sensitivity. 
and : noise~imlnumtypwffi 
10 sensitivity but lower noise immunity. The m tegratjprTtime 
can also be varied so as" kvyield the desuedgadc off .between 



pixel resolution and image frameTaterTherefore, the scoped 
of the mvento^QuldJ>e„detemine 
f ments illu^tfated butby-the appended-claims and-their-legal 



analog-to-digital (A/D) unit 524, which converts the analog 
signals from each of the set of CDS units 512 to a digital 
value. Thus, each of the sampled and reset values are 
converted from an analog signal to a digital value, and 
subsequently fed into a reset noise elimination unit 526. 
Once the reset noise elimination unit 526 receives the reset 
and sample values from each of the CDS units in set of CDS 
units 512, reset noise elimination unit 526 calculates the 
noise generated from the power supply for each row through 
the use of the sample and reset values (i.e., Vaeseti 
V resets respectively), of the reference pixels of the corre- 
sponding row. Once an adjustment is determined through the 
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use of V~ 



and V R 



the output from each of the 



pixels in that row can be corrected to substantially remove 
the effects of power supply noise. 

In another embodiment, more than one reference pixel is 
used for each row of sensor array 114. In this embodiment, 
the noise detected by each reference pixel for a row may be 
averaged to obtain a more accurate representation of ^ 
detected noise for the row. 

FIG. 6 is a flow diagram of the operation of a row 500 of 
pixels of sensor array 114, which includes reference pixel 
400. 

In Step 601, row 500 of sensor array 114 is reset to a value 45 
of V 'reset ( as depicted in FIG. 3). In Step 602, while pixels 
502 a to 502„ in sensor array 114 are integrating the incident 
light, reference pixel 400 does not. Thus, the value V^^^, 
is stored on capacitor 418 and capacitor 420, and does not 
change during integration. The signal value for reference 50 
pixel 400 is therefore Vreseti- In Ste P *>03, while the signal 
values for row 500 of sensor array 114 are read out, 
reference pixel 400 transfers its Vj^seti t0 sample value 
storage capacitor (not shown) in CDS circuit 520. In Step 
604, when the row that was just read out is reset to a value 55 
Vresetz* * ts respective reference pixel is also reset to the 
value V/ursE-Fz. In Step 605, the value Vresetz f° r pixels 
in a row, including reference pixel 400, is transferred to a 
reset capacitor (not shown) in the CDS circuitry. In Step 606, 
when set of CDS circuitry 512 calculates the differential eo 
signal for row 500 of sensor array 114, it first calculates the 



difference between V» 



and V- 



read out from 



reference pixel 400, which is the noise on the power supply. 
In step 608, this noise Value, \ j re S etz~^ rbset\ in FIG. 3, is 
subtracted from the differential output from each pixel 502 a 
to 502 M . This gives the true, noise free signal Y^^^-Vy as 
the output. 



invention, by one having ordinary skill in the art, without 
departing from the spirit and scope of the invention. 
What is claimed is: 

1. An apparatus comprising: 

a plurality of sets of pixels, each pixel having a photo- 
detector coupled to a reset gate, the reset gate being 
coupled to receive a reset signal; 

a plurality of reference pixels each being associated with 
a respective one of said plurality of sets of pixels, and 
each reference pixel being coupled to receive the reset 
signal; 

a set of correlated double sampling units coupled to said 
plurality of sets of pixels and said plurality of reference 
pixels; 

an analog to digital converter unit coupled to said set of 
correlated double sampling units; and 

a reset noise elimination unit coupled to said analog to 
digital converter unit, to adjust a set of pixel values 
derived from one of the plurality of sets of pixels with 
an adjustment value derived from an associated one of 
the plurality of reference pixels, 

2. The apparatus of claim 1, where said reference pixels 
are configured to be substantially unaffected by incident 
light. 

3. The apparatus of claim 1, where each of said reference 
pixels comprises: 

a first storage capacitor coupled to a reset gate and a 

sample gate, and 
a second storage capacitor coupled to said sample gate 

and an output gate. 

4. The apparatus of claim 1 wherein each of the plurality 
of sets of pixels is arranged as a row. 

5. An apparatus comprising: 

an image sensor having a plurality of reference pixels 
each being associated with a respective one of said 
plurality of sets of pixels, and each reference pixel 
being coupled to receive the reset signal; 

a set of correlated double sampling units coupled to said 
plurality of sets of pixels and said plurality of reference 
pixels; 

an analog to digital converter unit coupled to said set of 
correlated double sampling units; and 

a reset noise elimination unit coupled to said analog to 
digital converter unit, to adjust a set of pixel values 
derived from one of the plurality of sets of pixels with 
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an adjustment value derived from an associated one of 
the plurality of reference pixels; and, 
a controller coupled to said image sensor to provide the 
reset signals. 

6. The apparatus of claim 5, where said plurality of 5 
reference pixels are configured to be substantially unaffected 
by incident light. 

7. The apparatus of claim 5, where each of said reference 
pixels comprises: 

a first storage capacitor coupled to a reset gate and a 10 

sample gate, and 
a second storage capacitor coupled to said sample gate 

and an output gate. 

8. A method comprising: J5 

(a) providing a first reset signal to a set of pixels and a 
reference pixel, said first reset signal producing a first 
reference value in the reference pixel; 

(b) reading out a first set of values generated in response 

to incident light from said set of pixels following an 20 
integration interval; 

(c) reading out the first reference value from said refer- 
ence pixel; 

(d) providing a second reset signal to said set of pixels and 
said reference pixel, said second reset signal producing 25 
a second reference value in the reference pixel and a 
second set of values in the set of pixels; 

(e) reading out the second set of values from said set of 
pixels and the second reference value from said refer- 
ence pixel; 
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(f) generating an adjustment value using said first refer- 
ence value and said second reference value; 

(g) generating a set of pixel values using said first set of 
values and said second set of values; and 

(h) adjusting said set of pixel values using said adjustment 
value. 

9. The method of claim 8, where said generating of said 
adjustment value comprises determining the difference 
between said first reference value and said second reference 
value. 

10. The method of claim 9, where said generating of said 
set of pixel values comprise determining the difference 
between each value in said first set of values and a respective 
value in said second set of values. 

11. The method of claim 8, where said first reference 
value is substantially equal to a value of said first reset 
signal. 

12. The method of claim 8, where said second reference 
value is substantially equal to a value of said second reset 
signal. 

13. The method of claim 8 further comprising: 
converting said set of pixel values and said adjustment 

value from analog form into digital form prior to 
adjusting said set of pixel values. 

14. The method of claim 8 further comprising: 
repeating (a)-(h) for each one of a plurality of rows of an 

image sensor. 

***** 



03/02/2004, EAST Version: 1.4.1 



